In recent years there has been increasing awareness of the function of the retinal pigment epithelium (RPE), not solely in the metabolic economy of the sensory retina, but also in the induction of abnormalities previously considered to involve the sensory retina exclusively. There are two reasons for this recognition. First, the past decade has seen the easy availability of sophisticated new methods for studying this tissue, particularly electron microscopy, fluorescein angiography, electro-oculography, and monochromatic photography. Secondly, experimental studies show that there is continuous phagocytosis of rod outer segments by lysozymes (intracellular organelles responsible for cytolysis and phagocytosis) located in the RPE.
The retinal pigment epithelium is derived from the outer layer of the secondary optic vesicle and extends from the optic nerve-head posteriorly to the ora serrata anteriorly. Anteriorly it fuses with the sensory retina to continue forward as the pigmented ciliary epithelium. Like the ependymal cells of the choroid plexus, the pigment epithelium retains its primitive character and remains a single cell thick throughout life. Individual cells have from 4 to 8 sides but are usually hexagonal and fitted together like cobblestones in a regular arrangement. The normal cell body is about 8 ,um in height with the microvilli another 5 ,tm high. The cells are larger in the area beneath the fovea than they are in the periphery but are generally the same throughout.
In cross-section each cell may be divided into three parts: the base, which is nearest to the choroid and contains the cell nucleus; the body, which includes the cell apex and is an intermediate zone containing melanin granules; and the processes or microvilli, which extend inward from the apex of each cell to surround the outer segments of rods and cones.
The base of the cell contains a convoluted plasma membrane of the type seen in cells responsible for the transport of large quantities of fluid. Immediately adjacent to the base is the cuticular portion of the lamina vitrea (of Bruch). The cell body contains much smooth and rough endoplasmic reticulum together with melanin particles and phagosomes consisting of material and degenerative rod outer segments.
The microvilli surround the photoreceptor outer segments (Fig 1) . In the interstices between their processes and outer segments is a structureless substance which reacts with acid mucopolysaccharide dyes. There is normally no physical connexion between the microvilli and the outer segments and the nature of the bond that maintains the outer portion of the retina adjacent to the pigment epithelium is not known. The function of the retinal pigment epithelium is varied and complicated. In those species without retinal blood vessels, the entire nutrition of the sensory retina is dependent upon the products of the choriocapillaris as they are transported, exchanged, or modified by the retinal pigment epithelium. In species having retinal blood vessels, the metabolism of the outer portion of the sensory retina is dependent upon the RPE. Inasmuch as the choriocapillaris contains fenestrated blood vessels, the retinal pigment epithelium together with Bruch's membrane form a blood-eye barrier to the penetration of proteins and other large molecules into the eye. It stores vitamin A and isomerizes all trans-retinol to the The phospholipid discs of the rod outer segments form in the microsomes in the cell body and migrate toward the RPE where after a halflife of about 10 days (in the rat) they are phagocytized. Each RPE cell phagocytizes from 2000 to 4000 rod discs per day and the products either escape into the choriocapillaris or are recycled within the cell.
A variety of disorders may be considered examples of disorders of this phagocytic mechanism. In retinal pigmentary dystrophy in the rat there is failure of the RPE to 'ingest' the discs. In drusen there is apparently incomplete phagocytosis with accumulation of various degradative products within the RPE and adjacent to its base. In some abnormalities in which human histological studies are lacking or in which only single observations are available, the defect appears to arise because of an accumulation of material between the RPE and the adjacent outer segments.
Dominant Macular Degeneration
Description of this well-known disorder is usually attributed to Best (1905) . However, James E Adams (1883), William Lang's mentor, described the condition to the Ophthalmological Society of the United Kingdom in 1883 in a woman who had yellowish deposits in each macular region with vision of 20/40 in one eye and 20/20 in the other eye. The abnormality may be observed as early as one week after birth. Both eyes are usually, but not always, involved, with a yellowish deposit resembling an egg yolk occurring at the posterior pole and initially not affecting visual acuity. The deposit may elevate the sensory retina and has foci of material of more intense yellow than that surrounding. At a variable time after onset, the egg yolk is dispersed and at this time there is scarring and decreased vision. The unimpaired vision suggests that there is but little disturbance in the retinal pigment epithelium.
The bright yellow colour suggests that the material must be located near the apex of the retinal pigment cells. There have been no histological studies of the early condition or of the scarred condition in youthful patients.
Flecked Retina Some ten years ago Krill & Klien (1965) at the University of Chicago grouped several disorders of the RPE as flecked retina syndrome on the basis of the ophthalmoscopic appearance in which there were scattered multiple deposits deep in the retina without vascular or optic nerve abnormality or pigment migration. The peripheral visual field was normal. Dark adaptation was mildly impaired with a delayed but normal final threshold. The electroretinogram was normal. However, the ratio of the standing potential between the cornea and posterior pole in light and dark adaptation was severely reduced (electro-oculography). In each of these instances, macular abnormalities occurred late and were of variable type. Each had a more or less similar fluorescein pattern in which numerous punctate areas illuminated early in the arterial phase due Section ofOphthalmology to fluorescence from the choriocapillaris viewed through a no longer opaque RPE. Drusen Drusen, colloid bodies, hyaline deposits, or guttate choroiditis consist of yellowish-white, round, oval, and sometimes irregular-shaped deposits located at the posterior pole (Fig 2) . They occur both as a familial and a secondary type. The familial type is mainly confined to the posterior pole while those secondary to tumours and inflammations may involve all parts of the RPE.
In the early stages the dots are small and pink and can barely be distinguished from the surrounding retina. On fluorescein angiography it is evident there is a widespread defect permitting excessive fluorescence through the RPE. As the condition persists, there may be pigmentation and calcification and in many patients, particularly the elderly, serous fluid accumulates between the RPE and Bruch's membrane and between the RPE and the outer segments. When the macular region is involved, vision is reduced. Frequently calcification and plaque-like formation of glia at the posterior pole causes a reduction in visual acuity.
Histologically, in the familial type, all pigment epithelial cells show irregular displacement of the nuclei and many have missing nuclei. Focal absence of the pigment epithelium is seen in some areas and melanin content of the cells is irregular and some cells appear to contain granular basophilic material. In secondary types only the RPE in the region of the drusen are abnormal. Histochemically, familial and senile drusen consist of cerebrosides and a sialic acid, either occurring alone or bound to a mucin or ganglioside. Gangliosides accumulate in a variety of degenerative conditions of the central nervous system and there are a number of different types.
Electron microscopy shows marked degenerative changes of the mitochondria with homogenous fibrolar material within the cytoplasm and distended plasma membrane infoldings. Discontinuity in the elastic layer of Bruch's membrane permits the drusen material to extend between the choriocapillaris into the deeper layers of the choroid.
Fundus Flavimaculatus
Fundus flavimaculatus is a term applied to a variety of related disorders. It occurs both with and without macular involvement. The atrophic form of macular involvement is called Stargardt's (1909) disease. Franceschetti (1963) coined the term fundus flavimaculatus to describe the multiple, round and linear, fishtail-like yellow or yellow-white lesions involving mainly the posterior fundus. The flecks vary in size, shape, density, and apparent depth (Fig 3) . The abnormality is transmitted as an autosomal recessive trait.
Visual acuity may be affected, either by involvement in an atrophic lesion or the incidental involvement of the fovea with a yellowish deposit immediately beneath it.
This disorder has its onset in the first or second decade. It may follow one of several courses.
There may be an initial loss of vision before macular changes are obvious. It may be difficult to determine the cause of eventual loss. Ultimately the macular lesion becomes atrophic and deposits appear. Although an atrophic macular lesion may usher in the disease, it usually occurs after the flecks develop. The deposits usually first appear in the perimacular area and they are isolated with fairly sharp borders with variable shapes, many of them linear and fish like. Clusters of fresh lesions appear from time to time and older lesions eventually disappear. The older lesions are less sharply demarcated and appear less dense and show a greater tendency toward confluence. The fresh lesions do not fluoresce and hyperfluorescence is seen only at the site of old lesions.
Histologically, affected cells vary greatly in size. The nucleus tends to be displaced inward from the base of the cell and melanin granules condense at the apex of the cell. An homogenous honeycomb structure appears to extend from the cell to surround the photoreceptors.
Fundus Albipunctatus
Fundus albipunctatus is characterized by dot-like, yellowish-white lesions of uniform size located deep in the retina and particularly concentrated at the midperiphery of the fundus. It is an autosomal recessive disorder although one family has been described in which it is dominant. The dotlike deposits usually increase in number but occasionally may decrease or even disappear.
Progressive retinitis albipunctatus presents a similar ophthalmoscopic picture only at its onset. However, the electroretinogram is extinguished, and there is a markedly elevated rod threshold with dark adaptation. Eventually bone spicule pigmentation, vascular attenuation, and optic atrophy develop as in related pigmentary dystrophies of the retina.
Fundus albipunctatus has not been studied histologically.
Glyn Dawson and I (1974) recently described a patient with pigmentary degeneration of the retina and spinocerebellar degeneration that we believe to involve metabolism of the RPE. The patient, a 29-year-old black woman, had progressive spinocerebellar degeneration and a pigmentary degeneration of the retina. Analysis of her plasma fatty acids showed the arachidonic acid [C20 :4n-6] level to be 18 % [range 15-21 %; normal female range 5-9%]. Both neutral lipid and phospholipid fractions showed a considerable enrichment in C20:4n-6 content but triglycerides and esterified cholesterol were primarily affected. The levels observed could not be modified by altering the diet of the patient.
Fibroblasts cultured from this patient were incubated with [14C]-arachidonate for 24 hours in serum-free medium. These cells incorporated much greater amounts of label into triglyceride, esterified cholesterol, and various phospholipid fractions (particularly phosphatidylethanolamine) than did normal human fibroblasts. Incorporation of [14C] linoleate into triglycerides, esterified cholesterol, and phospholipids was also increased compared to controls, whereas [14C] palmitate or [14C] stearate incorporation was indistinguishable from normal.
Six out of 9 women with retinitis pigmentosa showed plasma C20 :4n-6 levels of greater than 9 % as did 7 out of 15 female members of their immediate families; in 2 patients, the level was twice that in normal patients (15% of total plasma fatty acids). Women with a wide variety of eye disorders (optic atrophy, choroideroemia, retinitis pigmentosa associated with diabetes, night blindness, &c.) did not show any abnormality in plasma C20:4n-6 levels but 5 women with uveitis showed a substantial increase and could not be distinguished from the high plasma C20 :4n-6 retinitis pigmentosa group on this basis. Three out of 14 male retinitis pigmentosa patients had plasma C20 :4n-6 levels greater than 13 % and 6 others had levels greater than 9 %.
Arachidonic acid is derived from linoleic acid which is an essential fatty acid that must be supplied from the diet. Arachidonic acid and the related fatty acid C22:4n-6 (a fatty acid with 22 carbon atoms and 4 double bonds, the first of which occurs at the carbon atom located at position 6 from the terminal methyl group) are the predominant fatty acids of retina outer segment membranes. However, early studies indicate arachidonic acid to be the predominant fatty acid of the human RPE. Inasmuch as abnormal lipid metabolism occurs with pigmentary degeneration of the retina in abetalipoproteintmia (Bassen-Kornzweig disease) and phytanic acid storage disease (Refsum's disease), we believe that analysis of fatty acids in various retinal abnormalities may be unusually rewarding.
